The dopamine transporter (DAT1) gene has been associated with impulsivity and executive functioning. Further, DAT1 has been associated with brain structural characteristics and resting state connectivity. This study tested an indirect effect model in which DAT1 genotype (9-repeat (9R) carriers vs 10-repeat (10R) homozygotes) is linked to phenotypes representing impulsivity and executive function (planning behavior) through effects on white matter (WM) volumes in prefrontal cortex (PFC), particularly orbitofrontal cortex (OFC). Adolescents (ages 14-18, n ¼ 38) were recruited from substance use treatment (n ¼22) and the community (n ¼16) to increase phenotype variation. Results indicated that DAT1 10/10 genotype was associated with lower WM volume in the PFC, specifically the left OFC. Further, lower WM volume in the left OFC predicted more difficulties in self-reported planning behavior, but not impulsivity. Indirect effect analysis indicated that lower WM volume in the left OFC mediated the association between DAT1 10/10 genotype and difficulties in planning behavior. Results suggest a brain structural mechanism, involving lower WM volume in the left OFC, as a link in the association between DAT1 genotype and a specific aspect of executive function. Genetic effects on regional WM volume that are linked to behavioral outcomes could ultimately inform the development of tailored interventions that address an individual's unique risk factors.
a b s t r a c t
The dopamine transporter (DAT1) gene has been associated with impulsivity and executive functioning. Further, DAT1 has been associated with brain structural characteristics and resting state connectivity. This study tested an indirect effect model in which DAT1 genotype (9-repeat (9R) carriers vs 10-repeat (10R) homozygotes) is linked to phenotypes representing impulsivity and executive function (planning behavior) through effects on white matter (WM) volumes in prefrontal cortex (PFC), particularly orbitofrontal cortex (OFC). Adolescents (ages 14-18, n ¼ 38) were recruited from substance use treatment (n ¼22) and the community (n ¼16) to increase phenotype variation. Results indicated that DAT1 10/10 genotype was associated with lower WM volume in the PFC, specifically the left OFC. Further, lower WM volume in the left OFC predicted more difficulties in self-reported planning behavior, but not impulsivity. Indirect effect analysis indicated that lower WM volume in the left OFC mediated the association between DAT1 10/10 genotype and difficulties in planning behavior. Results suggest a brain structural mechanism, involving lower WM volume in the left OFC, as a link in the association between DAT1 genotype and a specific aspect of executive function. Genetic effects on regional WM volume that are linked to behavioral outcomes could ultimately inform the development of tailored interventions that address an individual's unique risk factors.
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Introduction
Neuroimaging measures have been used as an intermediate phenotype to explore neurobiological mechanisms in relationships between genes and behaviors (Hariri and Weinberger, 2003) . In this model, genetic influence on a behavioral phenotype may be indirect, or mediated by the neuroimaging intermediate phenotype. Testing an indirect effect model can help to identify links, such as brain structural characteristics (white matter (WM) volume), in a pathway that connects the dopamine transporter (DAT1) genotype with behavioral phenotypes of impulsivity and executive function. Since single genes are likely to have small effects, which are biased toward one extreme of a continuous phenotype, analytic samples that increase phenotypic variation by including a mix of affected and healthy cases can facilitate detection of genetic effects (Durston et al., 2005) . This study tested an indirect effects model in which DAT1 genotype is linked to behavioral phenotypes (e.g., impulsivity, goal setting and planning) through effects on white matter (WM) volumes in the prefrontal cortex (PFC) using a mixed sample of youth recruited from substance use treatment and the community to increase variation in the behavioral phenotypes of interest.
The dopamine transporter (DAT1) gene has a variable number of tandem repeats (VNTR) in its 3 0 untranslated region that may influence DAT expression. The 9-repeat (9R) and 10-repeat (10R) alleles are most common. In vitro studies generally suggest lower DAT expression for 9R, relative to 10R, resulting in increased DA signaling for 9R carriers (Mill et al., 2002; Madras et al., 2005) . In vivo results, however, have been inconsistent (Heinz et al., 2000; Jacobsen et al., 2000; Krause et al., 2006) . Research on the DAT1 genotype indicates that 10R homozygotes (10/10 genotype), relative to 9R carriers, demonstrated greater impulsive responding (Gizer and Waldman, 2012) . Other studies have reported worse executive functioning among 10R homozygotes relative to 9R carriers (Loo et al., 2003; Stollstorff et al., 2010) . The 10R allele also has a modest association with attention-deficit/hyperactivity disorder (Yang et al., 2007; Gizer et al., 2009; Hawi et al., 2010) , a disorder involving impulsivity and impairment in executive function.
The prefrontal cortex (PFC) plays a key role in the behavioral phenotypes of impulsivity and executive function that have been associated with DAT1 genotype (Miller and Cohen, 2001 ). In particular, the orbitofrontal cortex (OFC), as part of the PFC, has Contents lists available at ScienceDirect journal homepage: www.elsevier.com/locate/psychresns
